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Abstract

Coronary artery aneurysms in children were observed as a rare complication associated with
coronavirus disease 2019 (COVID-19). This case report describes the severe end of the spec-
trum of the new multisystem inflammatory syndrome in a 12-year-old child with coronary
aneurysms, myocardial dysfunction, and shock, managed successfully with extracorporeal
membrane oxygenation support and immunomodulation therapy. This report also highlights
the additional benefits of cardiac CT in the diagnosis and follow-up of coronary aneurysms.

History of presentation

In spring 2020 during the coronavirus disease 2019 (COVID-19) pandemic, a 12-year-old girl,
weighing 34 kg and previously fit and well, was transferred to our paediatric ICU from the emer-
gency department in refractory shock. She had presented with persistent fever of 40 ºC for 3 days
and abdominal pain, diarrhoea, and vomiting. Her condition failed to respond to 40 mL/kg
boluses of IV fluids and IV antibiotics. On clinical examination, she had wide pulse pressure,
erythematous rashes, lymphadenopathy, conjunctivitis, and cracked lips.

Investigations

Abdominal CT scan excluded a surgical cause for her deterioration; however, there was free fluid
in abdomen and pelvis with peri-portal hepatic oedema and several enlarged mesenteric lymph
nodes. Blood tests showed high inflammatory markers, with C-reactive protein 306 mg/L, ferri-
tin 4185 ug/L, D-dimers 69 mg/L, fibrinogen 6 g/L, procalcitonin >100 ng/mL, neutrophils
19 × 109/L, and lymphocytes 0.2 × 109/L. Cardiac biomarkers were also elevated; troponin T
43 ng/L (normal 0–13) and NT-proBNP 14017 ng/L (normal <400) (Table 1). Blood lactate
level was high (6 mmol/L).

Transthoracic echocardiography immediately following paediatric ICU admission showed a
structurally normal heart with severely impaired biventricular systolic function with left ventricle
fractional shortening of 10%. Kawasaki disease shock syndrome was considered, and echocardiog-
raphy showed bright but non-dilated coronary arteries. However, cardiac CT performed on day 4
showed a small fusiform aneurysm of 4.2mm (Z scoreþ2.61) of the entire length of left main stem
and a fusiform aneurysm of 3.5mm (Z scoreþ3.0) of the proximal and middle segments of the left
anterior descending (Fig 1). Chest CT showed extensive bilateral patchy consolidation and adjacent
ground glass opacification affecting all lobes with a lower lobe predominance. The main pulmonary
artery was dilated with no visualised pulmonary embolism (Fig 2).

Cardiac MRI scan was performed on day 14 of hospital admission and showed global
increase in T2-weighted imaging indicating myocardial oedema but with normal left ventricle
ejection fraction and a normal wall mass.

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) PCR samples from nose,
throat, and broncho-alveolar lavage were negative; however, serum IgG was positive. Blood cul-
tures, swabs, and respiratory viral screening were negative. Renal function remained stable
throughout the course of the treatment.

Management

In view of the circulatory instability, the patient was intubated, ventilated, and started
on adrenaline and noradrenaline infusions for cardiovascular support. She had an episode
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of sudden bradycardia and hypotension leading to a pulseless
electrical activity cardiac arrest 12 hours after admission.
Spontaneous circulation returned after 2 minutes of cardiopul-
monary resuscitation.

In view of the rapidly worsening cardiovascular instability, and
following multidisciplinary team discussion, we decided to put the
patient on veno-arterial extracorporeal membrane oxygenation
support through cannulation of neck vessel. The right common

Table 1. Patient’s blood tests on days 1, 5, and 7

Blood test Day 1 Day 5 Day 7

CRP 306 mg/L 85 53

Ferritin 4815 ug/L 1629 1193

D-dimers 69mg/L 11 7.4

Fibrinogen 6 g/L 4 3

Procalcitonin >100 ng/mL 55 10

Neutrophils 19 × 109/L 13 9.7

Lymphocytes 0.2 × 109/L 1 1.1

Troponin T 43 ng/L (normal 0–13) 23 29

NT-proBNP 14017 ng/L (normal <400) 7214 2533

Figure 1. Cardiac CT showing fusiform aneurysm of the left main stem and normal right coronary origin. Ao = aorta, PA = pulmonary artery. 3D Cardiac CT showing fusiform
aneurysm of the left main stem, LAD fusiform aneurysm. LAD = left anterior descending.
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carotid artery was cannulated with a 15-Fr Bio-Medicus NextGen
femoral arterial cannula (Medtronic Inc.) which was directly
inserted with the tip positioned at the proximal brachiocephalic
trunk. The right internal jugular vein was subsequently cannulated
with a 21-Fr Bio-Medicus NextGen jugular venous cannula
(Medtronic Inc.) with its tip positioned in the middle of the right
atrium (Fig 2). A flow of 3 L/minute was achieved and features of
shock resolved. Bilateral cerebral near-infrared spectroscopy mon-
itoring was stable at 85–88%. The patient was anticoagulated with
heparin infusion at 40 units/kg/hour targeting a high anti-Xa level
(0.5–1.0 IU/mL) to prevent thrombosis as d-dimers and fibrinogen
were high.

In view of the hyperinflammatory clinical picture, and after
multidisciplinary team discussion, the patient was treated with
immunomodulation therapy in the form of intravenous immuno-
globulin 2 g/kg on days 1 and 3, intravenous methylprednisolone
1 g per day on days 1–5, aspirin 50 mg/kg on day 2, and infliximab
(TNF-α antagonist) 6 mg/kg on day 2 (Table 2). Infliximab was
chosen for its evidence-based role in refractory Kawasaki disease.2

A full course of clindamycin and ceftriaxone antibiotics was also
completed.

In combination with levosimendan (inodilator) 0.05–0.1
mcg/kg/minute infusion over 24 hours on day 2, cardiac function
gradually started to recover, with improved left ventricular ejection

and adequate decompression on echocardiography. Despite thera-
peutic anticoagulation, a thrombus in the right atrium related to
the tip of the venous cannula was seen on echocardiogram, which
raised the concern of systemic thromboembolism. Following
improved cardiac function, but the transient development of hypo-
xia on trial weaning of veno-arterial extracorporeal membrane
oxygenation in conjunction with widespread pulmonary consoli-
dation, the patient was converted to veno-venous extracorporeal
membrane oxygenation on day 5. This was achieved following
the insertion of a 21-Fr left femoral vein access cannula, with
the tip positioned in the inferior vena cava, and the use of the
existing right internal jugular vein 21 Fr as a return cannula (Fig 2).

There was continued improvement of all inflammatorymarkers
(Table 1) and veno-venous extracorporeal membrane oxygenation
was successfully weaned off on day 7. Mechanical ventilation was
weaned, and the patient was extubated the next day. The patient
was stepped down from ICU on day 13 and was discharged home
10 days later. She continued oral aspirin, warfarin, and tapering
doses of oral prednisolone.

A 6-week follow-up cardiac CT showed normal origin, course,
and dimensions of the coronary arteries. The previously described
ectasia of the left anterior descending had resolved. Left main
was 3.6 × 3.1 mm (Z þ1.2) and left anterior descending was
2.4 × 2.2 mm (Z þ0.12). Lung CT showed a complete resolution

Figure 2. CXR showing VA ECMO with RCCA
cannula tip and RIJV cannula tip in RA, VV ECMO
with RIJV return cannula and LFV cannula in
IVC. VA = veno-arterial; ECMO = extracorporeal
membrane oxygenation; RCCA = right common
carotid artery; RIJV= right internal jugular vein;
VV= veno-venous; LFV= left femoral vein; IVC =
inferior vena cava.
CT Thorax with extensive bilateral patchy
consolidation and adjacent ground glass
opacification.
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of the previous bilateral multifocal consolidation, while the subtle
ground glass changes persisted.

Discussion

As the whole world is anxiously monitoring the spread of COVID-
19 and its impact on public health, there is a steep rise in the learn-
ing curve ofmedical teams treating critically ill patients with SARS-
CoV-2-associated syndromes. More reports are emerging to
describe novel presentations in paediatric populations and the role
of different therapeutic options for these syndromes.

Although clinical manifestations of infection with SARS-CoV-2
in children are typically less severe than those of adult patients,
a small proportion of children develop a hyperinflammatory
response with multiorgan involvement – typically several weeks
following presumed infection. This condition is termed multisys-
tem inflammatory syndrome in children or paediatric inflamma-
tory multisystem syndrome temporally associated with SARS-
CoV-2.3 Multisystem inflammatory syndrome in children may
present as a Kawasaki disease syndrome,4 with hyperinflammatory
shock, cardiogenic shock, and left ventricular dysfunction,5

or acute abdomen – making rapid diagnosis problematic.6

Coronary artery aneurysms (Z scores ≥2.5) are observed in approx-
imately 10% of children with multisystem inflammatory syn-
drome, and acute mortality is 1–2%.7 The immunopathologic
mechanism of multisystem inflammatory syndrome in children
is currently unknown.7 This case report describes the severe end
of the spectrum of multisystem inflammatory syndrome in chil-
dren, in a 12-year-old child with coronary aneurysms, myocardial
dysfunction, and shock, managed successfully with extracorporeal
membrane oxygenation support and immunomodulation therapy.
This report also highlights the additional benefits of cardiac CT in
the diagnosis and follow-up of coronary artery aneurysms.

Veno-arterial extracorporeal membrane oxygenation support
may be a valuable and effective therapeutic option for severe cases
of multisystem inflammatory syndrome in children. Our preferred
strategy is to establish veno-arterial extracorporeal membrane oxy-
genation in children through direct cannulation of the right
common carotid artery and right internal jugular vein. The neck
vessels are readily accessible particularly in urgent clinical situa-
tions. Using appropriate size cannulas, full flows can be achieved.
We used bilateral near-infrared spectroscopy monitoring to assess
for adequate cerebral oxygenation.8 Appropriate anticoagulation is
of importance as high fibrinogen and d-dimers in this syndrome
suggest an increased risk of hypercoagulability, of particular con-
cern in patients receiving extracorporeal membrane oxygenation
in whom the risk of thrombotic events is already significant.9,10

During the COVID-19 pandemic, a large cohort of children
with multisystem inflammatory syndrome in children with cardiac
involvement were managed at Evelina London Children’s
Hospital. Multimodality cardiac imaging with echocardiography,
CT, and cardiac MRI was utilised to provide a detailed cardiac

assessment. The incidence of coronary involvement was higher
on cardiac CT compared with echocardiography.11 Cardiac CT
may therefore be an important investigation for the identification
of patients with coronary artery aneurysms who require closemon-
itoring due to the risk of coronary artery thrombosis and myocar-
dial infarction.

In this case, cardiac CT was performed to delineate coronary
anatomy which was not clearly seen on transthoracic echocardiog-
raphy due to the poor lung acoustic windows from the underlying
severe lung disease. An ECG-gated cardiac CT was performed
using Siemens SOMATOM Force. And 2ml/kg omnipaque was
injected at 2 ml/s and monitoring slices at the mid-descending
aorta were used to time maximal contrast opacification of the ves-
sel. A single end-systolic time frame was acquired in expiration
with the extracorporeal membrane oxygenation circuit clamped
for the duration of the injection.

Coronary artery aneurysms were identified on cardiac CT,
despite the initial absence of obvious dilatation on transthoracic
echocardiography scans. This emphasises the value of cardiac
CT to confirm or rule out coronary artery involvement particularly
in extremely sick children with severe myocardial dysfunction and
elevated cardiac biomarkers. While echocardiography measures
the coronary artery dimension in a single plane, cardiac CT
has the advantage of permitting orthogonal imaging of the ves-
sel.12 CT demonstrated that the vessel dimension was found to
be enlarged in a tangential dimension to that measured by echo-
cardiography. Furthermore, although initial echocardiographic
imaging suggested no aneurysm of the coronary arteries, imag-
ing was limited to only the most proximal coronary segments
due to poor acoustic windows and reduced ultrasound pen-
etrance. In contrast, CT is able to show distal coronary artery
anatomy with a high degree of spatial resolution. This highlights
the use of echocardiography as a screening tool and the addi-
tional benefits of performing cardiac CT in those who are most
unwell or with the highest suspicion of coronary anomalies.
MRI was also able to define the proximal aneurysms but did
not have the necessary spatial resolution to define the extent
of the aneurysms more distally.

Multisystem inflammatory syndrome in children is a novel
immunopathogenic illness, SARS-CoV-2 PCR testing typically
(although not always) negative and positive serum IgG in the
large majority of cases. The older age group, high prevalence of
gastrointestinal symptoms, myocardial dysfunction, and elevated
inflammatory markers, cardiac biomarkers, and lymphopenia
are distinctive features of this new syndrome.7 With the absence
of lower respiratory tract symptoms, the chest CT findings are
more likely attributable to airway inflammation and/or pulmonary
arteritis. The prevalence of respiratory disease is approximately
20% in multisystem inflammatory syndrome in children.13 The
precise causal immunological mechanisms formultisystem inflam-
matory syndrome in children are not yet known. Following the
exclusion of other microbial causes, and after multidisciplinary
team discussion, the patient was treated with immunomodulation
therapy consisting of intravenous immunoglobulin, methylpredni-
solone, aspirin, and infliximab. The most appropriate treatment
strategy is the subject of current research, including the
Recovery Trial in the United Kingdom. Nevertheless, immunomo-
dulation therapy has been widely used for multisystem inflamma-
tory syndrome in children with apparent success.

The complete resolution of coronary artery aneurysms after 6
weeks may suggest that the aneurysm formation in multisystem
inflammatory syndrome in children is related to fever and

Table 2. Immunomodulation therapy

Medication Dose Day

Intravenous immunoglobulin (IVIG) 2 g/kg Days 1 and 3

Intravenous methylprednisolone 1 g per day Days 1 to 5

Aspirin 50mg/kg Day 2

Infliximab (TNF-α antagonist) 6 mg/kg Day 2
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circulating inflammatory mediators rather than disruption of the
arterial wall.3

Conclusion

This severely ill case represents the distinctive clinical and labora-
tory features of multisystem inflammatory syndrome in children
associated with SARS-CoV-2, with the development of coronary
artery aneurysms. We highlight the role of extracorporeal
membrane oxygenation and immunomodulation therapy in the
management of severe multisystem inflammatory syndrome in
children and illustrate the additional benefits of performing car-
diac CT in those that are most unwell or with the highest suspicion
of coronary anomalies. Further research is needed on the mecha-
nism of the disease and the most appropriate treatment strategies.
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